Patients undergoing thyroid surgery with retrosternal goitre may raise concerns for the anaesthetist, especially airway management. We reviewed a multicentre prospective thyroid surgery database and extracted data for those patients with retrosternal goitre. Additionally, we reviewed the anaesthetic charts of patients with retrosternal goitre at our institution to identify the anaesthetic induction technique and airway management. Of 4572 patients in the database, 919 (20%) had a retrosternal goitre. Two cases of early postoperative tracheomalacia were reported, one in the retrosternal group. Despite some very large goitres, no patient required tracheostomy or cardiopulmonary bypass and there were no perioperative deaths. In the subset of 133 patients managed at our institution over six years, there were no major adverse anaesthetic outcomes and no patient had a failed airway or tracheomalacia. In the latter cohort, of 32 (24%) patients identified as having a potentially difficult airway, 17 underwent awake fibreoptic tracheal intubation, but two of these were abandoned and converted to intravenous induction and general anaesthesia. Eleven had inhalational induction; two of these were also abandoned and converted to intravenous induction and general anaesthesia. Of those suspected as having a difficult airway, 28 (87.5%) subsequently had direct laryngoscopy where the laryngeal inlet was clearly visible. We found no good evidence that thyroid surgery patients with retrosternal goitre, with or without symptoms and signs of tracheal compression, present the experienced anaesthetist with an airway that cannot be managed using conventional techniques. This does not preclude the need for multidisciplinary discussion and planning.
Multinodular goitre is a common endocrine disorder. It occurs in around 4% to 7% of people in developed countries, with regional variations related to dietary iodine deficiency 1, 2 . Other variables such as smoking, age and gender also contribute to the prevalence of goitre 3 . Multinodular goitre is only one indication for thyroidectomy; others include thyroid cancer, Graves' disease and rarer conditions such as thyroiditis 4 .
Patients with large or retrosternal goitres require surgical excision as there is no other effective treatment 5, 6 . They often present with symptoms related to tracheal compression, including dyspnoea, dysphagia and a sensation of pressure in the neck 4 . They may also display signs of intermittent superior vena caval obstruction with a positive Pemberton's sign (flushing of the face, distended neck veins and inspiratory stridor on raising their arms above their head) 7 . Patients with retrosternal goitre are particularly concerning to anaesthetists with regard to the management of the airway, both on induction of anaesthesia and at the conclusion of surgery [8] [9] [10] [11] . Concerns relate particularly to the degree of tracheal compression, the deviation of the trachea with potential for difficult intubation and the possibility of tracheomalacia with tracheal collapse postoperatively 8, 10, [12] [13] [14] . With par-ticularly large goitres, concerns are also expressed about cardiovascular collapse and there are reports of thyroidectomies performed either with temporary extracorporeal jugulosaphenous bypass 15 or standby cardiopulmonary bypass 16 .
At our tertiary university teaching hospital, a small group of specialist surgeons perform thyroid surgery, but anaesthesia is provided by numerous anaesthetists with varying degrees of experience, the most junior being advanced trainees. Furthermore, patients are often seen in the pre-admission clinic by a different anaesthetist, so their preoperative assessment may include a comprehensive but non-specific plan, covering all options that may be considered on the day of surgery. Particularly complex patients are often discussed further in the department and the recent presentation of a patient with a particularly large retrosternal goitre prompted a great deal of controversy (Figures 1 and 2) . It was suggested by our experienced surgical colleagues that anaesthetists are often unnecessarily concerned about airway management in patients with retrosternal goitre. This prompted an extensive audit of our thyroid surgery database, with an emphasis on the anaesthetic management of patients with retrosternal goitre, to examine the diversity of practice at our institution and determine whether airway management was unnecessarily complicated. We considered a difficult airway to be one where the larynx was not clearly visible (Cormack-Lehane [CL] Grade 3 or 4), a tracheal tube did not pass easily or where a "Can't intubate, Can't oxygenate" scenario developed. Our primary hypothesis was that thyroid surgery patients with retrosternal goitre, with or without symptoms and signs of tracheal compression, did not usually present the experienced anaesthetist with a difficult airway as defined in this way.
MATERIALS AND METHODS
This cohort study was conducted and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 17 . A detailed thyroid surgery database was created by one of the authors in 1991, using FileMaker Pro (FileMaker Inc., Santa Clara, CA, USA). Ethics approval for the study was obtained at all participating hospitals (Alfred Health Ethics Approval No. 408/14). Prospective data from four surgeons working in six institutions were collected. Patients were informed at the time of surgery that their data were being collected for clinical audit and research purposes and that all identifying information would be removed prior to publication; they were given the option of their data not being included in the registry. We identified patients having thyroid surgery between 1 January 1991 and 17 June 2013, analysing any recorded perioperative complications and the incidence of retrosternal goitre. Retrosternal goitre has many definitions, all with different implications 18 , but the definition in the present study was any thyroid enlargement identified below the thoracic inlet at operation with the patient's neck held in extension.
In addition, we extracted more extensive data for patients who had undergone thyroid surgery at our institution between May 2007 and June 2013 and identified those with retrosternal goitre. The records of these patients were individually examined with specific attention to the pre-admission clinic records (if the patient attended) and the anaesthesia charts. The review of the anaesthesia charts focused specifically on preoperative documentation regarding the planned anaesthetic technique, any comments about potentially difficult airway and the subsequent induction of anaesthesia, ease of bag-mask ventilation and grade of direct laryngoscopy. In addition, any perioperative complications were recorded. We did not collect other data relating to the patient, including American Society of Anesthesiologists Physical Status classification or weight, as we wanted to focus directly on the issues relating to the goitre and those factors considered important in the management of the patient's airway. However, where other factors were specifically recorded as important in the management of the airway, they were included. 
Investigations
All patients had undergone routine blood testing to ascertain thyroid function, serum calcium and auto-antibodies, and most (112 of 133) had a nasendoscopy to ascertain vocal cord function preoperatively. One hundred and thirteen patients had a computed tomography (CT) scan to assess the position of the thyroid and its relationship to intrathoracic structures and fine needle aspirates were performed in the majority of those with dominant or suspicious nodules.
Surgical technique and anaesthesia
The surgical technique was as described elsewhere 4, 19 . All surgical care was performed or clinically supervised by a specialised thyroid surgeon. In the majority of patients, nerve stimulation was utilised to aid dissection of the recurrent laryngeal nerve. This process involves the use of a specific NIM ® EMG (Nerve Integrity Monitor electromyographic) trach-eal tube (Medtronic Inc., Jacksonville, FL, USA), which has implications for the anaesthetist 20 . This tracheal tube has electrodes running to a white sensor zone, which needs to be aligned closely with the vocal cords if it is to function correctly. The use of this tube precludes the presence of neuromuscular blockade during the procedure and therefore, either short-acting muscle relaxants or reversal of the blockade are required. There was a diverse range of anaesthetists of varying degrees of experience providing anaesthesia care. Although the majority of anaesthetists who selected a conventional intravenous (IV) induction technique used muscle relaxants for tracheal intubation, some anaesthetists avoided the use of neuromuscular blocking drugs altogether, facilitating intubation with remifentanil.
Statistical analysis
All data were analysed using SAS software version 9.2 (SAS Institute, Cary, NC, USA). Continuous data were assessed for normality and expressed as mean ± standard deviation and categorical data were expressed as count and proportions. Non-normally-distributed data were reported as medians and interquartile ranges. Comparisons between groups (thyroid surgery versus retrosternal goitre) were performed using Student's t-test for parametric continuous variables, Mann-Whitney U test for nonparametric continuous variables, and chi-square, or Fisher's exact test as appropriate, for categorical variables. As this was an exploratory study, no power calculation was performed. A two-sided P-value of 0.05 indicated statistical significance.
RESULTS

Surgical characteristics of the thyroid surgery database
The thyroid surgery database included 4572 patients undergoing partial or complete thyroidectomy, parathyroidectomy or excision of thyroid cysts and isolated nodules; 919 (19%) had a retrosternal goitre. Only two patients in this series were recorded as having tracheomalacia; both of these were clearly identified at operation and the tracheal tube left in situ for postoperative care (for 24 and 48 hours, respectively), as previously described 6 . Only one of the patients with tracheomalacia had a retrosternal goitre (incidence 0.11% [95% confidence interval (CI) 0.003% to 0.6%]). The incidence of tracheomalacia in the entire thyroid registry was 0.045% (95% CI 0.005% to 0.15%). We identified 48 patients who returned to theatre for bleeding postoperatively but there was no significant reported morbidity or mortality related to airway events (incidence 0% [95% CI 0% to 0.08%]). Some patients had a very large goitre; 23 patients had excised glands over 400 g, six over 600 g and three between 900 and 1000 g. Despite this, no patients required cardiopulmonary bypass or tracheotomy, and there was no documented morbidity attributable to difficult airway management and no mortality.
Characteristics of our institutional retrosternal goitre cohort
We retrieved anaesthetic and surgical data on 133 thyroid surgery patients with retrosternal goitre in our institution over the study period, some with very large goitres ( Table 1) . Three patients required sternotomy to complete the operation (two planned, one unplanned). All of these patients had gland weights over 200 g. There were no cases of tracheomalacia. EMG monitoring of the recurrent laryngeal nerve was used in 123 (92%) patients. Nine patients had evidence of recurrent laryngeal nerve palsy in the early postoperative period and all but one of these resolved completely. No patient had bilateral recurrent laryngeal nerve palsy and none presented any problems at tracheal extubation or required any further airway intervention (incidence 0% [95% CI 0% to 2.8%]). Most (81%) of the patients were euthyroid at the time of surgery, 20 (15%) patients had subclinical thyrotoxicosis and five (3.8%) patients were clinically thyrotoxic. Eighty-six (65%) patients presented with pressure-related symptoms such as choking, dyspnoea and cough on lying supine. Pemberton's sign was positive in 36 patients but only 12 of these patients were identified by the anaesthetist in the pre-admission clinic as having a potentially difficult airway.
When we compared our retrosternal goitre cohort to the entire surgical database, we found some significant differences (Table 1 ). Our retrosternal group were older, they were more likely to be symptomatic and more likely to have a positive Pemberton's sign. The glands were also likely to be bigger. Interestingly, subclinical thyrotoxicosis was more common in our retrosternal goitre group, as was a normal nasendoscopy prior to operation. Surgical complications were more common with more patients returned to theatre for bleeding and there was a higher incidence of recurrent laryngeal nerve injury and sternotomy. However, when we compared our selected retrosternal cohort to the retrosternal group in the surgical database, there were very few differences although, once again, our institutional cohort seemed to have larger glands. Nevertheless, this was an exploratory analysis so no firm conclusions can be drawn.
There were no documented problems with the passage of the tracheal tube in any of the 133 patients in our retrosternal goitre cohort, despite many having significant tracheal compression on CT scan. Thirtytwo (24%) patients were identified preoperatively as having some features suggestive of a difficult airway although only two of those patients had documented specific concerning features ( Table 2 ) other than the presence of a goitre. Anaesthetists were more likely to choose an awake fibreoptic or inhalational induction in patients with larger glands ( Table 3) , but the presence of compressive symptoms did not affect the technique chosen. A majority (n=101, 76%) were managed with conventional IV induction of anaesthesia, 84 (63%) received a neuromuscular blocking agent and the remainder had tracheal intubation facilitated with a short-acting opioid such as remifentanil or alfentanil. There were no airway complications in this IV induction group despite difficult bag-mask ventilation in four patients.
Key anaesthesia details of the 32 patients identified preoperatively with a potentially difficult airway are outlined in Figure 3 . Of this group, four patients were managed with an IV induction and intubated under direct vision (CL grade 1 or 2) 21 without complications. Awake fibreoptic intubation was planned for 17 patients. Two of these were abandoned due to patient intolerance; conventional IV induction of general anaesthesia and direct laryngoscopy was used in one case and videolaryngoscopy in the other. Good views of the larynx were obtained in both patients. Of the 15 patients who had successful awake fibreoptic intubation, 11 had subsequent direct laryngoscopy performed before surgery and in all patients the larynx was clearly visible with a CL grade 1 or 2. Eleven patients had an inhalational induction, two of which were abandoned due to oxygen desaturation and converted to IV induction with muscle relaxant administered. Only one of these patients proved difficult to ventilate and help was sought from another anaesthetist; the patient's trachea was successfully intubated following the administration of suxamethonium. Once again, both were CL grade 1.
Ease of bag-mask ventilation was recorded in 119 of 133 (89%) patients, only five were recorded as difficult, four in the group as receiving conventional IV induction and one patient who was converted from inhalational to IV induction as mentioned above. There were no difficulties with tracheal intubation recorded in these five patients (CL grade 1 or 2).
DISCUSSION
We have characterised the key clinical features of patients undergoing thyroid surgery in a group of hospitals in Victoria focusing on those with a retrosternal goitre. As expected, we found the latter group to be slightly older, more symptomatic and with larger thyroid glands.
Studies or reviews reporting on anaesthesia for thyroidectomy, particularly with retrosternal goitre, discuss the potential for difficult airway management 22, 23 but this is a controversial issue 9 . Some recent studies have suggested that airway management is actually usually quite straightforward [10] [11] [12] , but the belief that it is difficult appears to persist among many anaesthetists. Our study supports this as 32 (24%) patients with retrosternal goitre were identified as having a potentially difficult airway, but only two of these patients had documented features of a difficult airway, other than the presence of the retrosternal goitre ( Table 2) . Despite CT scan evidence of tracheal compression, tracheal intubation was achieved without difficulty; subsequent direct laryngoscopy in these patients demonstrated that the larynx was easily visible.
There are several reasons why anaesthetists may be reluctant to accept that airway management can be dealt with in conventional fashion in patients with retrosternal goitre, not least of which are patient symptoms, such as dyspnoea and stridor. These symptoms are otherwise usually associated with acute airway challenges, such as airway trauma or infection, but a thyroid goitre, especially with mediastinal extension, presents a particular type of airway obstruction. The thyroid gland is soft and compressible, it is external to the trachea (except in rare, identifiable conditions where there is cancer invading the trachea), and is usually mobile. Goitres grow slowly, estimated at around 10% to 20% a year 14 , and very rarely present with acute onset of symptoms, such as when there is an acute bleed into a goitre 24 . The presence of a positive Pemberton's sign is additional evidence of the mobility of the thyroid.
A retrosternal goitre is not a true mediastinal mass; it is a cervical mass which happens to extend into the mediastinum. This is an important distinction. Mediastinal masses require very careful airway management as they can obstruct bronchi and/ or major vascular structures and can lead to cardiovascular collapse on induction of anaesthesia. Only very rarely do primary retrosternal goitres occur and they represent a unique condition beyond the scope of this study. Their blood supply arises from intrathoracic vessels 6 and they are identifiable on CT scan. Similarly, malignant retrosternal goitres invading the trachea may require tracheal resection 25 -this extremely uncommon situation is also identifiable with CT scanning.
CT scanning is therefore essential in the surgical management of patients with retrosternal goitre. CT scans or other imaging may demonstrate evidence of tracheal compression but, despite generating concern for anaesthetists, this does not exclude a conventional induction of anaesthesia in most cases. Relevant details of the imaging and expected pathology should be discussed with the surgeons. The scan (Figure 1 ) may show very dramatic compression of the trachea but there is mostly little difficulty with passage of a tracheal tube and positive pressure ventilation.
Following an in-depth analysis of the 133 patients with retrosternal goitre, we could only identify four who had their airway management plan changed during induction of anaesthesia. What is interesting is the nature of that change. Two awake fibreoptic intubations and two inhalational inductions were abandoned, with all four being converted to a conventional IV induction and direct laryngoscopy. Since these patients were all successfully intubated, it appears that the anaesthetists correctly assessed that the airway was easier to manage than originally thought. The problem in these four patients was intolerance to the technique planned and oxygen desaturation. In the awake fibreoptic group this is not surprising as a patient with airway obstruction and stridor can find the passage of a fibreoptic scope extremely unpleasant as it may totally obstruct the airway before the tracheal tube can be secured. Obviously, anaesthetists must be able to perform awake fibreoptic intubation in the most difficult and distressed patients as there is often no alternative, but equally, we do not wish to cause patients unnecessary distress. The incidence of awake fibreoptic intubation was high in our retrosternal cohort and most of these patients were subsequently shown to have an easily visible larynx-no cases had any problem with passage of the tracheal tube or with positive pressure ventilation.
An inhalational induction is traditionally regarded as the best way to manage a patient with upper airway obstruction. This is a technique that requires expertise, it takes time, and there is potential for considerable hypoxaemia and further airway compromise if laryngoscopy is attempted too early. It is interesting to note that in a recently published series describing the airway management of 34 cases of retrosternal goitre 11 , the only failed airway was in a patient who had an inhalational induction. That patient required an emergency tracheostomy, later had his thyroidectomy after an awake fibreoptic intubation, but was noted to be a CL grade 2 larynx on direct laryngoscopy. Neither of our patients who had abandoned inhalational inductions proved to be difficult to intubate, but one became difficult to ventilate and help was sought from a second anaesthetist. Inhalational induction can be challenging in a patients with retrosternal goitre. It seems fewer anaesthetists have sufficient training in this skill, possibly in this era of laryngeal masks and fibreoptic scopes, resulting in less ability to maintain an airway with a facemask. This is a hypothesis that needs testing but the failure of an inhalational induction, especially if it leads to tracheostomy in a patient with a very large neck mass, is concerning.
Retrosternal goitres over 400 g are extremely unusual, particularly in developed countries like Australia and New Zealand 12 . Goitre size increases the symptoms and dramatic nature of the findings on CT scan and, in our study, anaesthetists were more likely to be concerned about the airway in the larger glands (Table 3 ). In our surgical database, 2% of patients had thyroid glands over 400 g, more than half of which were retrosternal. Despite this, no patient required tracheostomy, no patient required cardiopulmonary bypass and there was no mortality or significant morbidity associated with airway management. Only two patients had tracheomalacia (0.045%), one of these with retrosternal goitre (0.11%), and there were no lasting sequelae in these patients. Tracheomalacia is a very rare condition in our surgical population, it is readily identifiable at operation and concerns about problems related to tracheal intubation would appear to be unfounded. A recent surgical review supports our findings and recommends assessment of the trachea after the removal of the thyroid, for integrity and dynamic changes with the respiratory cycle 26 . They do not recommend intraoperative bronchoscopy as part of this assessment but this remains a reasonable option in some situations. A much higher incidence of tracheomalacia (5%) was found in a similar series of large goitres in India 12 , possibly representing regional population differences. It should be noted that not all large goitres have retrosternal extension. Although our study mainly addressed retrosternal goitres, we believe our findings can be extrapolated to all thyroid surgery patients.
Our study has several limitations. Although the data were derived from six institutions, these institutions were located in a single city in Australia and the detailed retrosternal data were from a single institution. The surgeons in that institution are all experienced. Although the anaesthetists were of varying experience, most were senior anaesthetists and all were well supported with equipment, assistance and backup if required. The training and experience of anaesthetists is likely to differ in other settings. The data relating to airway management were limited in some cases and were reliant on selfreporting and documentation. These factors are likely to introduce biases that are difficult to quantify but we do not believe they should affect the main results and conclusions of the study.
We are not suggesting that our findings preclude the requirement for careful planning and a multidisciplinary approach to airway management, rather Table 3 Relationship between thyroid size, airway management and symptoms of airway compression in our institutional cohort of retrosternal goitre patients that it should be encouraged. These cases, as we have demonstrated, create anxiety for anaesthetists, anxiety that is best shared with the surgical team so that everyone is clear about how the airway will be managed and what intervention will occur if the original airway plan fails. If any rescue plans involve interventions such as rigid bronchoscopy or tracheostomy, it is vital that the surgeons are skilled and experienced in these techniques, especially in the presence of large cervical goitres and tracheal deviation. However, our data should provide anaesthetists with reassurance that, although these patients may present with worrying symptoms, it would appear that these symptoms are usually not associated with difficulty visualising the larynx or passing a tracheal tube.
In conclusion, our study supports the belief that airway management for retrosternal goitre, although deserving of discussion between anaesthetists and surgeons and extra consideration, is usually possible with a routine intravenous induction and direct laryngoscopy. Obviously, there are situations where anaesthetists will consider it safer to perform an inhalational induction or awake fibreoptic intubation but, even in these circumstances, a retrosternal goitre, with or without external tracheal compression, does not appear to limit visualisation of the larynx on direct laryngoscopy, the passage of a tracheal tube or subsequent positive pressure ventilation. Tracheomalacia was an extremely rare condition in our surgical population.
